We examined how restoration of riparian vegetation has been implemented and evaluated in the scientific literature during the past 25 years. A total of 169 papers were read systematically to extract information about the following: 1) restoration strategies applied, 2) scale of monitoring and use of reference sites, 3) metrics used for evaluation, and 4) drivers of success. Hydro-geomorphic approaches (e.g., dam operations, controlled floods, landform reconfiguration) were the most frequent, followed by active plant introduction, exotic species control, natural floodplain conversion and grazing and herbivory control. Our review revealed noteworthy limitations in the spatio-temporal approaches chosen for evaluation. Evaluations were mostly from one single project and frequently ignored the multidimensional nature of rivers: landscape spatial patterns were rarely assessed, and most projects were assessed locally (i.e., meander scale). Monitoring rarely lasted for more than six years and the projects evaluated were usually not more than six years old. The impact of the restoration was most often (43%) assessed by tracking change over time rather than by comparing restored sites to unrestored and reference sites (12%), and few projects (30%) did both. Among the ways which restoration success was evaluated, vegetation structure (e.g., abundance, density, etc.) was assessed more often (152 papers) than vegetation processes (e.g., biomass accumulation, survival, etc.) (112 papers) and vegetation diversity (78 papers). Success was attributed to hydro-geomorphic factors in 63% of the projects. Future evaluations would benefit from incorporating emerging concepts in ecology such as functional traits to assess recovery of functionality, more rigorous experimental designs, enhanced comparisons among projects, longer term monitoring and reporting failure.
Introduction
Evaluation of success has been the main weakness of restoration ecology since this discipline emerged in the early 1980s (Walker et al., 2007) . The assessment of restoration outcomes has been traditionally jeopardized by underfunding and the lack of systematic and objective evaluation criteria Kondolf et al., 2007) , even though these criteria are necessary for adaptive management as well as the advancement of the field of restoration ecology as a whole (Kondolf et al., 2007; Walker et al., 2007; Shafroth et al., 2008; Suding, 2011) . Because of this, numerous efforts have been made to establish standards and common criteria for evaluating restoration (Hobbs and Norton, 1996; Palmer et al., 2005; Dufour and Piegay, 2009; Suding, 2011) . In this review we examine the extent to which recommendations for project monitoring of vegetation restoration are being followed across the globe for one ecosystem type, riparian vegetation, and where we might improve as a discipline.
The most widely cited metrics of restoration success are by the Society for Ecological Restoration International (SERI), which proposed a list of nine key attributes that a successfully restored ecosystem should have, such as being resilient to natural disturbances and self-sustainable (SERI, 2004) . The SERI Primer also suggested that it is necessary to compare metrics from restoration sites with values from natural reference sites or sites that have not sustained the degradation that restoration is intended to redress (SERI, 2004) . Others have recommended that project sites should be monitored before and after restoration implementation in combination with comparisons to control sites (e.g., Before-After Control-Impact design, Palmer et al., 2005; Bernhardt et al., 2007) . It is still debatable whether restoration should target reproducing the species composition and physical structure of desirable final states represented by reference sites vs. focusing on changes over time of certain ecosystem components and recovery of functionality (Dufour and Pi egay, 2009 ). Finally, one must consider spatial and temporal scales of monitoring, given that recovery of restored ecosystems usually takes years or even centuries, and responses of ecosystems to restoration activities may be often non-linear or stochastic and vary in space (Trowbridge, 2007) . Because of this, some authors have proposed that integrating multiscale information should be an essential part of restoration assessments, including considerations of impact beyond project boundaries (Gonz alez del T anago and García de Jal on, 2006; Aguiar et al., 2011) .
It has been argued that few studies have the resources to follow these recommendations (Ruiz-Jaen and Aide, 2005) ; however, a comprehensive review of the international literature is necessary to investigate the actual extent to which this is true. Given that the most appropriate monitoring approach will also depend upon the ecosystem being restored, we will restrict our review to a specific ecosystem. We have selected restoration of riparian vegetation along river systems as our focus because studies dating back to the 1990s (e.g., Battaglia et al., 1995; Friedman et al., 1995; Roelle and Gladwin, 1999) exist to document these projects, and because degradation of river ecosystems is an international rather than local concern. A synoptic view of these restoration strategies, and especially an assessment of how to evaluate their success, is still lacking despite major investments annually worldwide for restoring riparian habitats. As pointed out by Weisberg et al. (2013) , many of the first studies on the ecology of riparian vegetation focused on understanding the decline of Salicaceae gallery forests and the mechanisms underlying their regeneration (Johnson et al., 1976; Stromberg and Patten, 1991; Stromberg, 1993; Rood and Heinz-Milne, 1989; Rood and Mahoney, 1990; Mahoney and Rood, 1998) ; the first restoration trials that received academic attention often equated riparian restoration with restoration of Salicaceae forests (e.g., Friedman et al., 1995; Roelle and Gladwin, 1999; Rood and Mahoney, 2000; Rood et al., 2003) . With a significant and growing body of literature, restoration of riparian vegetation nowadays goes beyond restoration of Salicaceae forests. We believe that a comprehensive review of riparian vegetation restoration strategies and the empirical evaluations that have been completed up to this point could be a first step towards the development of standard protocols for monitoring river restoration projects.
In this study, we reviewed how restoration success of riparian vegetation has been evaluated in the scientific literature in order to answer the following questions: (1) Which restoration strategies were evaluated in different regions in the world and how have they been applied? (2) Which assessment approaches have been used (e.g., scale of monitoring and use of reference sites)? (3) Which evaluation metrics have been used as success criteria and how have they been computed? (4) Which factors explained success? Finally, by answering these four questions, our goal was to learn from previous experiences and suggest methods to improve the evaluation of restoration projects of riparian vegetation in the future.
Methods

Selection of articles
A literature search in ISI Web of Science was done in October 2014. The chain of keywords used in the topic category were "(riparian or floodplain or river or stream) near (vegetation or forest* or plant*) and (resto* or rehabilit* or recover* or remov* or reforest* or planting) and (success* or reference or degrad* or fail*)". We also manually browsed all volumes of Ecological Restoration and Ecological Management and Restoration (SERI journals) between 1990 and 2012, given that these thematic journals were not included in the ISI database. We limited our search to articles written in English. The search produced 1353 references. Among these, articles were selected that 1) were for restoration projects that were completed or ongoing, 2) had a primary goal of restoring vegetation that occurred on the river banks or floodplains, and 3) occurred on freshwater courses (i.e., excluding man-made features such as reservoirs, diversion channels and urban waterways), and 4) included quantitative measures. "Restoration projects" included those that explicitly or implicitly met the definition given by the Society for Ecological Restoration International (SERI, 2004) : "ecological restoration is the process of assisting the recovery of an ecosystem that has been degraded, damaged, or destroyed", with the ultimate goal of creating a self-supporting ecosystem that is resilient to perturbation without further assistance.
We included papers that simply evaluated restoration projects as well as papers that resulted from demonstration field experiments to test some hypothesis. The condition of projects having among their primary goals to restore any attribute of the riparian vegetation excluded all works where recovering vegetation was an intermediate step to restore other ecosystem services and functions, such as studies focused on restoring vegetation for habitat for fauna, to improve water quality, to control erosion, or for hydrologic budgeting, among others. This was done because the criteria used to evaluate the recovery of ecosystem functions are extraordinarily diverse, making a meaningful review unfeasible. By "freshwater courses" we referred to perennial, intermittent and ephemeral streams and rivers, excluding all types of non-riparian wetlands, water reservoir shorelines, lakeshores, and coastal and tidal systems (e.g., coastal floodplains, mangroves, estuarine marshes). Articles only assessing aquatic vegetation were also omitted as the restoration goals; sampling and evaluation techniques greatly differ from riparian vegetation in river banks and floodplains. Ultimately, the total number of peer-reviewed articles included in the review was 169 (Appendix S1).
Information selected from the articles
More than one article could be dealing with the assessment of the same restoration project. However, the experimental unit of this review was the article instead of the restoration project. The assessment of success for most restoration projects remains unpublished in the scientific literature, and, unfortunately, a review of technical reports and grey literature at a global scale is both unfeasible and of variable quality. In contrast, peer-reviewed articles are more likely to be of scientific quality, with appropriate sampling designs, and/or possess some aspect of originality that merits attention in academia. Even though some articles could assess the same project, we believe that the assumption of originality of scientific articles makes it possible to treat articles evaluating the same project as replicates of evaluation approaches. Still, because we used each article as a replicate, we conducted a qualitative systematic review instead of a meta-analysis (Koricheva and Gurevitch, 2014) , and then reported the data in terms of number or proportion of articles only.
Restoration strategies
Articles were categorized into one or more of six "restoration strategies": (1) hydro-geomorphic restoration, (2) active introduction of plant material, (3) exotic species control, (4) conversion to a natural floodplain, (5) grazing and herbivore control and (6) other (see Table 1 for a detailed explanation of each category). Information regarding the scale of each restoration project was also collected, including duration, spatial scale of the project itself (i.e., local (meander) vs. river segment and catchment (>meander)), and size of the associated river.
Assessment approaches
The approaches used for restoration assessment were described by the scale of the monitoring, number of projects assessed (single vs. multiple projects), time since restoration and the duration of vegetation monitoring.
Reference sites (when used) were classified as either (1) positive (defined as either natural, desired or un-degraded sites in the articles) or (2) negative (degraded, un-restored or control sites). We also noted whether recovery trajectories (e.g., before vs. after restoration) were taken into account in the assessments, in conjunction or not with reference sites.
Metrics of success
For each restoration strategy, we identified a list of vegetation metrics used to evaluate success, divided into the three groups proposed by Ruiz-Jaen and Aide (2005): (1) composition and diversity, (2) structure and (3) processes (adapted from "ecological processes"). We also noted how the vegetation was divided into different components to compute the metrics, i.e., by species or other groups such as life form or life history (herbs: forbs, graminoids; woody: shrubs, trees; vascular, non-vascular; annual, perennial), life stage (seedling, sapling, juvenile, adult), nativity (exotic, alien, invasive, weeds, non-native, native), habitat preference (wetland affinity: obligate or facultative phreatophyte, riparian, upland; competition: pioneer, non-pioneer, late-successional, light-demanding, shade-tolerant, ruderal, stress-tolerant, competitive) and phylogenetic and morphological traits or classes (monocotiledonea, dicotiledonea, physiognomic). We also noted whether indicator species were used for assessment, and if so, whether the assessment was exclusively based on indicator species/functional group or if the assessment extended to other species and/or the whole plant community.
Factors controlling success
For each restoration approach, we recorded the biotic and abiotic factors that were studied as possible drivers of restoration success.
Results and discussion
Our review of 169 papers revealed strong convergence of approaches for both the restoration activity itself and also how and which vegetation was evaluated. The 169 papers were published in 58 different journals, but 41% were from just five, and only 25 articles (15%) were published in journals with an impact factor higher than 3.000 (Appendix S2). We found that the number of publications progressively increased since the first article in 1991, but more than half of them were published during the last seven years (2008e2015), indicating that the field and its norms are still developing. Based on the following patterns in the published literature, we will make recommendations to assist the future of riparian restoration.
Worldwide strategies to restore riparian vegetation
North America was by far the most studied region (61% of the papers) followed by Europe (15%) and Asia (14%). The three most frequently assessed restoration projects were (1) the water conveyance project in the lower Tarim River, NW China (14 articles), (2) the cascade effects on elk populations and riparian vegetation after reintroduction of wolves in Yellowstone National Park, Northwestern U.S. (10 articles), and (3) the Tamarix management at Bosque del Apache National Wildlife Refuge, Southwestern U.S. (10 articles). Table 1 Categories of projects based on their restoration approach ("restoration strategies" in this article).
(1) Hydro-geomorphic: includes any action that alters the prevalent water and/or sediment regime to induce changes in vegetation composition, structure and/or processes. Even though the water and sediment regimes are intimately associated, we divided hydro-geomorphic actions into hydrological and geomorphic to illustrate how restoration can focus on either fluvial component: a. Passive hydrological: flow and flood regimes are permanently modified by the removal of stressors. Examples: Dam, levee or dike removal, levee or dike breaching or reallocation (set-back), curtailing groundwater pumping to recover groundwater levels, filling up ditches or irrigation channels. b. Passive geomorphic: geomorphic changes are passively induced as a consequence of any intervention on the hydrological regime. Examples: sediment deposition and creation of new geomorphic landforms after controlled floods, dam operations (category 1c) or dam, dike and levee removals (category 1a). c. Active hydrological: flow and/or flood regime is temporally modified by human actions. Intervention ends when the desired effect on vegetation has been achieved and the hydrological regime then goes back to the pre-restoration state. Examples: dam operations, controlled floods, irrigation, water reallocation, water releases. d. Active geomorphic: geomorphic changes are induced with no intervention on the hydrological regime. Examples: Recreation of micro-, meso-and macro-habitats for vegetation establishment and development, such as construction of gravel, point bars, floodplain terraces, surface profiling and leveling, channel reconfiguration, soil disturbance and bank stabilization. Restoration strategies varied across world regions (Fig. 1) . In Europe, conversion of flooded meadows from agricultural use was the most common strategy. In the Northwestern U.S., grazing control was the dominant strategy, in contrast to exotic species control in the Southwestern U.S. and in South Africa. In China, active hydrological restoration was the most common strategy.
Globally, the most frequent strategy used to restore riparian vegetation was the hydro-geomorphic restoration strategy (Fig. 2) , with a total of 84 out of 169 papers (50%). These projects implemented at least one of the four types of hydro-geomorphic restoration that we defined (Table 1) .
A priori, the removal of stressors through passive restoration (e.g., removal of dams or levees, Table 1 : 1.a, 1.b) should be the most cost effective alternative to recover any disturbed ecosystem (Shafroth et al., 2008; Suding, 2011) . In rivers, passive restoration is usually followed by a spontaneous widening of the channel and creation of habitats (e.g., gravel-and sand-bars, articles 69, 70, 100, 113 and 114 Appendix S1). Unfortunately, for socioeconomic and political reasons, dams and levees are being dismantled less than would be desirable (Poff and Hart, 2002; Pohl, 2002) : only 16 and 10 articles reported the results of a passive hydrologic and geomorphic restoration strategy, respectively (data not shown in Fig. 2 ). Active hydro-geomorphic restoration (e.g., dam operations, local controlled floods, channel reconfiguration, Table 1 : 1.c, 1.d) was much more commonly applied: 69 articles. A total of 49 articles involved the manipulation of water ("hydrologic", Table 1 : 1c), 14 of geomorphic landforms and substrate ("geomorphic", Table 1 : 1d) and 6 did both. Among the 55 hydrologic, a large group (58%) involved the intended re-naturalization of flow regimes through water releases from reservoirs and other dam operations (e.g., raising upstream water levels to supply water during low flow periods) (e.g., articles 31, 32, 51, 115, 123 and 128 Appendix S1). The remaining 42% of papers involved the use of former irrigation structures and other water control structures (e.g., ditches), to create controlled floods and manipulate water levels at the local (meander) scale (e.g., articles 27, 28, 111, 112 and 138 Appendix S1). Being local, this latter strategy avoids socioeconomic constraints associated with both passive hydrogeomorphic approaches and active approaches to re-naturalize flow regimes through water releases from reservoirs and other dam operations.
Active hydro-geomorphic restoration can also focus on the geomorphic rather than the hydrologic component. Active recreation of the physical conditions needed to establish riparian vegetation represents an alternative for those cases when natural disturbance cannot be generated so easily via flooding, for example in low energy riverine systems (Gumiero et al., 2013) . The 20 articles reporting active geomorphic strategies included soil disturbance to remove competitors (e.g., articles 30, 46 and 156 Appendix S1), microhabitat creation (e.g., article 131 Appendix S1) or channel reconfiguration (e.g., articles 37 and 50 Appendix S1) (Table 1: 1d). They are usually more costly but have the advantage of being local and less prone to negatively affect stakeholders.
Active plant introductions were the second most common restoration strategy in the projects assessed (66 articles), but was used almost always in combination with other approaches (Fig. 2) . A common approach has been planting early successional species, e.g., Salix spp., under the assumption that they will facilitate the establishment of later successional species (e.g., articles 62, 82 and 90 Appendix S1). However, planting late-successional stages species is often necessary because propagule arrival is limited. For example, planting Quercus spp. is common in restituted riparian swamps of the Southeastern U.S., formerly used for agriculture (Table 1 : 4, active plant introduction*floodplain conversion, Fig. 2) . Introduction of plant material has also been used to outcompete exotic species or avoid re-invasion of the same or another exotic species (Table 1: 3b, 26 of 66 articles, Fig. 2 ). For example, planting native competitors was used to shade out invasive Phalaris arundinacea (articles 67 and 149 Appendix S1) and Fallopia japonica (articles 129 and 132 Appendix S1). Native Salix and Populus (Salicaceae family) have also been promoted to control exotic Tamarix spp. in the Southwestern U.S. (articles 10, 17, 138, 146, 147 and 148 Appendix S1), given that they can outcompete Tamarix during establishment (Sher et al., 2000 (Sher et al., , 2002 Sher and Marshall, 2003) . Plant introductions were frequently used in combination with hydro-geomorphic strategies (interaction, Fig. 2 ). Active plant introduction was done by planting poles or whole-root plants, usually woody species (Table 1: 2a, 46 articles), or by seeding, usually non-woody species (Table 1: 2b, 23) .
Riparian ecosystems are highly prone to invasion by alien plants, largely because of their dynamic hydrology, high nutrient levels and ability to disperse propagules (Planty-Tabacchi et al., 1996; Stohlgren et al., 1998; Richardson et al., 2007; Corenblit et al., 2014) . Not surprisingly, controlling exotic invasions has been a target of restoration in almost one third of the projects being evaluated, being the third most commonly used strategy (Fig. 2) . Saltcedar (Tamarix), Russian olive (Elaeagnus angustifolia) and reed canarygrass (P. arundinacea) represent the most emblematic examples of exotic species being controlled in North America; whereas, Acacia and Eucalyptus spp. are the main focus in South Africa. In 31 articles, the restoration efforts targeted removal of exotic species (e.g., mechanical, chemical or biological means, Table 1 : 3a), in 7 articles the exotics were controlled indirectly by favoring natives (Table 1 : 3b) and 15 articles did both.
A substantial number of articles (49) examined the outcomes of restoration of former agricultural and mined lands that were abandoned and reincorporated to the natural floodplain (floodplain conversion, Fig. 2 ). This strategy was most commonly applied in two ecosystems: flooded meadows of Central and Northern Europe and riparian swamps in the Southern U.S., the latter also known as bottomland hardwood forests. The paucity of the soil seed bank of the floodplain after decades of human occupation and limited dispersal of desirable species are widely seen as the main constraints for the recovery of the plant community in European meadows and U.S. swamps (articles 9, 39, 41, 65 and 139 Appendix S1). Soil remediation including topsoil removal and the introduction of plant material are the supplementary techniques usually applied in these locations (e.g., articles 41, 65, 79, 92 and 156 Appendix S1).
Finally, 35 articles focused on riparian vegetation recovery after grazing and herbivory control (Fig. 2) . The Northwestern U.S. has been the epicenter of this kind of study ( Fig. 1) , as different works have examined the positive response of Salix and Populus species to grazing exclusion, mainly of cattle (articles 26, 35, 43 and 63 Appendix S1), and to the reduction of herbivory by wild ungulates after the re-introduction of wolves into Yellowstone National Park (e.g., articles 14, 16, 89, 107, 108, 109 and 110 Appendix S1). An important number of grazing control experiments used tree plantings to test the effect of grazing exclusion and shelters on tree survival (9 articles) (e.g., articles 52, 77, 144 and 145 Appendix S1). Scale of the restoration itself was primarily local, with hydrogeomorphic and grazing control as the only strategies that had a substantial proportion of projects implemented at the catchment scale (Fig. 3) , likely due to their high cost efficiency. Table 1 . Fig. 2 . Number of articles that belong to each restoration strategy (for detailed definitions see Table 1 ). Note that the sum of the "total number of articles per strategy" is larger than 169 because 76 articles reported the results of projects that combined two or more restoration strategies. Similarly, the sum of all numbers reported in the triangle is also higher than 169 because some articles reported projects that combined more than two strategies and those combinations are represented as each of their pairs.
We found no substantial differences between restoration strategies with regard to river size (data not shown). The width of the rivers assessed in the 169 papers ranged from 1 to 466 m (median ¼ 28 m, positive skew), with only 12 large rivers (i.e., >250 m wide) represented (the largest, in decreasing order: Mississippi, Missouri, Rhine -6 articles, Ishikari, Meuse, Ume and Platte). Restoration was implemented within three or fewer years in 72% of the projects being analyzed, and only 4% had works lasting more than 10 years (Appendix S3).
Assessment approach
Healthy floodplain forests have been described as permanently shifting mosaics of plant communities (Baker and Walford, 1995) . Thus it can be argued that only multi-scale evaluations both in time and space are able to assess that riparian vegetation functionality has been fully recovered by restoration. However, our review revealed significant limitations of the articles in their spatiotemporal approach.
First, evaluations have been primarily local; only 21 projects included metrics computed at a landscape scale such as diversity of habitats (macro spatial patterns, Fig. 4 ).
In addition, only 44 articles assessed the outcomes of multiple independent projects, and only 15 of these articles evaluated more than 10 projects. Although some aspects of recovery can be determined at the local scale, understanding patterns such as the upstream to downstream functional linkage must be investigated from multiple sites distributed in the river catchment. The longitudinal connectivity of rivers is widely recognized as fundamental to understanding how river ecosystems function in natural (e.g., Vannote et al., 1980) and human-disrupted contexts (e.g., Ward and Stanford, 1995; Braatne et al., 2008) . Second, the combination of figure. (b) Age of the restoration projects at the time of the empirical evaluation in the 169 articles, classified by different types of vegetation monitoring. For single projects, the age was calculated as the number of years elapsed since the end of restoration works to the beginning of evaluation. For multiple projects, the age was calculated averaging the number of years elapsed since the end of the earliest and latest project to the evaluation. ¶Before e Evaluation starting before the beginning of restoration works. *During e Evaluation starting during restoration works. distinct spatial scales suggested by some authors (e.g., Gonz alez del T anago and García de Jal on, 2006; Aguiar et al., 2011) has been only marginally applied in success evaluations. In the few cases that this happened, the combination of spatial scales consisted of the study of habitat assemblages after passive hydrological restoration and their description (e.g., articles 69, 70, 100, 113 and 114 Appendix S1).
Regarding temporal scales, our study confirmed that, as in other ecosystems (Ruiz-Jaen and Aide, 2005) , the effects of restoration in riparian plant communities have been rarely monitored for longterm periods (i.e., more than six years in only 45 out of 169 articles, Fig. 5a ). Better evaluation planning that includes long-term monitoring seems necessary, especially in such a changing and unpredictable ecosystem. In cases of funding shortages and/or other constraints, other techniques besides classic vegetation surveys during successive growing seasons post-restoration can expand the time span covered. Such techniques include using chronosequences (i.e., space-for-time substitutions, 17 found in our literature search) and using archives of photographs to assess past changes in vegetation (20 articles) (Fig. 5a ). Most often, the assessment photographs are aerial but other graphic vegetation records exist, including ground photographs (articles 108 and 109 Appendix S1). Other techniques may require expert knowledge, such as dendrochronological analyses (articles 15, 16, 51, 89 and 124 Appendix S1), but they could also help to expand the time span covered by the surveys (Fig. 5a) .
The age of the projects assessed (age defined as the number of years elapsed since the end of restoration works to the beginning of restoration evaluation) ranged from 1 to 53 years old. Many articles (54%) started the assessments before the restoration work was completed (56, Before þ During categories, Fig. 5b ) or during the same year after completion (35, Fig. 5b ). Graphic records and dendrochronology are alternatives to explore the condition of vegetation before intervention (Fig. 5b) . Projects that were evaluated greater than six years after restoration were rarer (22 out of 169 articles, Fig. 5b) . In other words, old projects were much less commonly assessed than recent projects. We believe this represents another weakness in the evaluation literature, as it would be expected that restoration outcomes were easier to identify with time. In other restored ecosystems, it has been shown that plant species that establish early after restoration could be informative on the long-term success of vegetation outcomes (Gonz alez et al., 2013 (Gonz alez et al., , 2014 . Thus, it would be valuable to investigate the extent to which this is also true for restored riparian vegetation. Chronosequences were more likely to include some of those older projects (Fig. 5b) .
Another critical component of assessment is some basis by which to compare improvement in response to restoration; however, more than half of the articles (58%) did not use any kind of reference site as defined in this review: positive (natural, desired or un-degraded sites) or negative (degraded, un-restored or control sites); and only 7% utilized the two types of reference sites (Fig. 6) . When positive or negative reference sites were used, an effort was usually made to represent the high spatial and temporal variability existing between natural or semi-natural sites (White and Walker, 1997) , or between unrestored sites, with a median of five sites per article for both types of reference sites. Whenever possible, we recommend balancing the number of reference sites along the longitudinal river axis (upstream/downstream) in free-flowing rivers and in adjacent impacted rivers with different development of management histories and restoration attempts.
It is also possible, however, to use change over time as a reference for improvement, and, in fact it was the most common choice in the articles reviewed. In contrast to the low use of reference sites in the studies reviewed, 124 out of 169 articles used trajectories in their evaluations, defined as change over time of any of the success metrics (Fig. 6) . A total of 56 of those articles started to monitor those trajectories before or during restoration works (20 and 36 articles, respectively, Fig. 5b ), but only 51 (41%) compared those changes over time with positive and/or negative reference sites. Thus, the overall tendency for evaluations focused on in situ change over time rather than SERI (2004) Primer's recommendation of using reference sites.
Metrics of success
Most of the articles (91%) included parameters related to vegetation structure as criteria to evaluate success, with abundance being the most popular metric (Fig. 4) . Vegetation processes (notably biomass accumulation, growth and survival/mortality) were also very popular.
Sixty-nine percent of the articles used indicator species for evaluation. Woody indicator species (91 articles) more than doubled non-woody species (38 articles). Species of the family Salicaceae: Populus and Salix were the most frequently used (43 and 37 articles, respectively). Tamarix (28 articles) was the third most common indicator species evaluated, and the most common of the exotic ones (22 out of the 28 articles). The focus on Salicaceae and Tamarix spp. was especially evident for hydrogeomorphic projects; 29 of the 84 articles reporting vegetation responses to hydro-geomorphic restoration targeted the recovery of Populus or Salix populations, sometimes with the control of their competitor Tamarix. This reflects a disproportionately high weight of these species in the riparian ecology literature (Weisberg et al., 2013) . Salicaceae and Tamaricaceae are the dominant families of riparian trees in the Northern Hemisphere and include engineer species able to shape fluvial landforms (Corenblit et al., 2007) , which justifies the great attention that they have received in the restoration literature.
We found several positive practices in the computation of success metrics during evaluation assessments. First, we were concerned a priori that projects that used introduction of plant material and exotic species control as restoration strategies would be prone to exclusively monitoring the fate of the target species: planted and exotic species respectively. However, when the restoration approach focused on the introduction of plant material, 36% assessed only indicator species, while the remaining 64% Fig. 6 . Number of articles including positive (defined as either natural, desired or undegraded sites in the articles), negative (degraded, un-restored or control) reference sites and/or trajectories (i.e., change over time of any of the success metrics) in their evaluations. Intersections represent articles with two or three of these approaches. Chronosequences were computed as articles assessing trajectories. incorporated metrics of the whole plant community. Regarding exotic species control, only five articles focused exclusively on parameters related to the exotic species object of control. This shows that researchers have been aware of the importance of monitoring the whole plant community, notably the recovery of native species after intervention (e.g., articles 10 and 53 Appendix S1), and/or the appearance of secondary invasions of the same or other exotic species (e.g., articles 22, 47 and 126 Appendix S1). It may also reflect a growing awareness that removing weeds or planting natives is simply a means to a larger goal, such as improving ecosystem function (Sher, 2013) .
A second positive finding was that, while the evaluation metrics were almost always computed at the species level (156 articles), divisions of the vegetation into other components were also common (83 articles): life form and life span (47), life stage (23), nativity (35), habitat preference (31) and other (15). The division of the vegetation into compartments other than species can enrich the evaluation of recovery of riparian vegetation by incorporating new perspectives such as ecosystem functionality. They may also facilitate comparison between projects in different rivers and ecoregions. Finally, this strategy could also help to scale up restoration evaluations, given that working at the species level in large regions and different rivers is less informative as site effects increase (e.g., article 1 Appendix S1).
Factors controlling success
The role of abiotic factors as drivers of restoration success was evaluated in 86% of the articles (black bars, Fig. 7 ). Hydrogeomorphic factors, notably the groundwater dynamics, geomorphic and topographic metrics and the five components of the flow regime, including flood magnitude, duration, frequency, rate of change and timing (sensu Poff et al., 1997) , were most frequently assessed, followed by soil properties and management (dark gray bars, Fig. 7) . Again, the prevalence of hydro-geomorphic factors as drivers of success is not surprising because of the reciprocal feedbacks between hydro-geomorphic forces and vegetation (Corenblit et al., 2007) .
Climatic data was rarely used in the assessments (18 articles), likely a consequence of the smaller scale of most projects. However, it was mentioned as a potential driver of restoration in the discussion in 22 additional papers (data not shown). We suggest that scaling up restoration assessments would elucidate the importance of climate in determining the outcomes of restoration. For example, Bay and Sher (2008) showed how total precipitation played a major role in explaining Tamarix prevalence in restored sites along the Colorado and Rio Grande basins (Southwestern U.S.).
Biotic factors were studied in 52% of the articles (black bars, Fig. 7) . Moreover, of this high percentage, seed and propagule dispersal, as well as biological interactions, were frequently mentioned as likely important in the discussion while not having been measured in the study (data not shown), probably due to the great field effort required to monitor them.
Other considerations to improve evaluation of restored riparian vegetation
Soon after the emergence of restoration ecology in academic circles, hopes were raised for this discipline to become an "acid test" for theoretical ecology (Bradshaw, 1987) . Unfortunately, our review showed that this has rarely been the case in the restoration of riparian vegetation. Most of the reviewed articles simply reported local changes in vegetation observed after intervention and tried to explain the causes underlying the restoration outcomes. Few articles (22) took advantage of the vegetation and environmental data collected to improve our general understanding of ecological processes prevailing in natural and regenerating riparian Fig. 7 . Factors used to explain success in 169 articles evaluating restoration of riparian vegetation. Bars are the number of articles where the different categories (black) and subcategories (gray) of factors were quantitatively measured in the assessment. Abiotic: (1b) geomorphic/topographic includes microtopography, landform, elevation relative to groundwater or river water level, sediment deposition dynamics, slope; (1c) Flow regime sensu Poff et al. (1997) , (1c.i) flood magnitude includes flow discharge and the role of extraordinary floods, (1c.iv) rate of change includes groundwater drawdown rates after floods; (3) management includes restoration techniques, presence of roads or other anthropogenic disturbances, use of adjacent lands. Biotic: (1) Biological interactions include intra-and inter-specific competition, facilitation, (3) seed and other propagules dynamics includes processes related to dispersal, germination, deposition, seed bank. ecosystems and formulate new hypotheses (Appendix S4). We hope that additional research uses experimental designs within a restoration context as laboratories for testing the role of key factors in controlling community dynamics and ecosystem functioning and therefore developing fundamental ecology. So far, most papers are observational; only 57 articles dealt with experimental restoration projects, mostly using a factorial design. Understanding the role of the different restoration strategies in outcome requires experimental designs that are often infeasible, especially when the primary goal is simply to get the restoration done. However, studies that directly compare approaches in well-replicated designs will go a long way towards improving restoration effectiveness going forward.
Consistent with the findings of Ruiz-Jaen and Aide (2005), success was often assessed in terms of parameters reflecting vegetation structure, which require less expert knowledge and are more readily measurable, compared to vegetation diversity and processes. However, our results may be underestimating the importance of processes in the evaluations of success because we discarded articles in which restoring vegetation was not a primary goal and focused our review on vegetation itself rather than overall ecosystem recovery. Projects aimed at restoring river functions and services such as improvement of water quality were probably more likely to include measurements of ecological processes (e.g., denitrification, nutrient circulation). Measuring ecological processes is important because it provides information on the resilience of the restored ecosystem (Ruiz-Jaen and Aide, 2005). We believe that an alternative to assessing processes that require intensive field surveys, such as seed dispersal and nutrient recycling, could be the use of functional traits, which are biological attributes of species that determine their capacity to establish and persist in a specific environment (Violle et al., 2007) . They are increasingly used to elucidate mechanisms driving community assemblies (Mayfield et al., 2010) and have started to be incorporated into restoration success assessment such as in wetlands or forests (D'Astous et al., 2013; Hedberg et al., 2013; Bachand et al. 2014 ). Very few articles in our review have included functional traits (e.g., 141 Appendix S1), and when done, functional and life-history traits were indirectly evaluated such as via the classification of species into a priori functional groups, such as in regard to species regeneration mode (e.g., article 22 Appendix S1) or species shade tolerance and Nfixing ability (e.g., article 34 Appendix S1).
Evaluation would also benefit from better experimental designs: too few studies maintain controls, conduct pre-treatment data collection, and monitor trends for a sufficiently long period of time and at appropriate spatial scales. The overall poor quality of experimental design is reflected in the use of rather simplistic analytical techniques. A total of 30 studies did not implement any statistical analysis; rather, they simply described the data that had been recorded. Univariate analyses of vegetation metrics were, by far, the most common analytical technique used (133 articles): 104 included group comparisons (family GLM), 70 regressions and/or correlations, three series analyses and one used contingency tables. Multivariate statistics were less frequently used (46), with 31 articles including unconstrained ordinations, 22 similarity or distance indices, 10 canonical ordinations and 7 clustering methods. Only two studies used a Bayesian approach and one study took into account spatial autocorrelation patterns in the data. Simple statistical treatments of the data are equally legitimate, but elementary statistical methods can neither offer a comprehensive understanding of how plant communities restructure after restoration nor can they explain the role of key drivers in that process (Legendre and Legendre, 2012) .
A final deficiency in the literature worth identifying is the relative lack of published works that report and try to understand "failed" projects. Investigations of past riparian restoration projects in multiple sites of the Southwestern U.S. found a very high degree of variability in recovery of desirable plant communities, including frequent failure of planted species to establish (Harms and Hiebert, 2006; Bay and Sher, 2008) . Such patterns should be apparent in the literature generally but were not in this review. Understandably, published works are more likely to broadcast successes; however, one can often learn as much (if not more) from failure. The bias in the literature generally toward publishing "positive" results is not likely to be overcome anytime soon; however, the loss to the field of restoration ecology in particular is acute, and warrants a special effort to avoid it.
Conclusions
Three decades after the emergence of restoration ecology, articles evaluating success in the recovery of riparian vegetation have begun to appear frequently in the scientific literature. However, published evaluations have been mainly local. This is not necessarily bad and indeed we hope that more of those studies are published in the future. However, broadening the assessment approach (e.g., metrics and criteria used, factors of success explored, number of projects assessed, and larger spatial and temporal scales) will increase their value for adaptive management and for academic use to test ecological principles. In general, evaluation of restoration would benefit from better experimental designs. In particular, we recommend that restoration success be measured in relation to both temporal and desirable/undesirablestate reference sites wherever possible, given that each type of reference will have confounding effects, and thus only a combination of the two will reveal change attributed solely to restoration. Also, having identified room for improvement in the assessment of ecological processes, we encourage the use of emerging functional traits as a promising approach. A recent study, Bateman et al. (2012) showed how restoration outcomes of the same project can rank inconsistently when success is based upon different goals: increasing biodiversity, increasing specific ecosystem functions, or restoring native communities. When exploring success and failure in 44 French river restoration projects, Morandi et al. (2014) found that projects with poor evaluations were more prone to draw positive conclusions than higher quality evaluations, which usually yield more ambiguous results. We believe that a certain degree of ambiguity in comprehensive restoration evaluations like theirs is preferable over more straightforward but simplistic assessments.
